It is well known, that lead coolant, highly enriched by 208 Pb, has some advantages over other coolants. It is predicted that the use of 208 Pb in the reactor core will lead to an increase in the production of plutonium and transmutation of long-lived decay products. The main objective of this paper was to investigate the influence of the isotopic composition on the fast reactor neutron-physical characteristics. For this purpose we used the RBETS-M benchmark -a fast energy reactor that includes 12 zones with different sizes and temperatures of the materials. Calculations were performed for homogeneous and heterogeneous models. Our calculations show that the replacement of the coolant with the natural lead to 208 Pb and 208 Pb together with Bi can substantially improve the neutron-physical characteristics of the fast reactor, in particular by reducing the initial reactivity margin. Studies of the heterogeneity effect in the reactor model showed an increase in the effective multiplication factor of about 1.5% at the end of the campaign.
Introduction
At present, active research is being carried out in the field of application of various heavy liquid metal coolants for different types of fast reactors, such as, for example, BREST-OD-300 with lead coolant and SVBR-100 with lead-bismuth coolant, which are already in the stage completion of technical design (see, for example, [1] [2] [3] [4] ). Natural lead contains a number of isotopes, the neutron-physical properties of which differ significantly from each other. Therefore, the main purpose of the proposed work was to study the effect of the isotope composition of lead in the coolant on the neutronphysical characteristics of a test fast reactor (see, for example, [5] [6] ). In [5] [6] it was shown that lead, strongly enriched with 208 Pb, has undeniable advantages over other heat carriers. This material has a very low neutron capture cross section and is a weak neutron moderator in elastic scattering throughout the reactor energy range because of its large atomic weight and in inelastic scattering of fast neutrons because of the high energy threshold of the nuclide excitation reaction. However, certain problems remain with the accuracy of estimates of the inelastic scattering cross section (see, for example, Refs [7] [8] .
208 Pb is safer than light coolants. It is predicted that the use of 208 Pb in reactors will lead to an increase in the production of plutonium and to the transmutation of long-lived decay products Compared with the lead-bismuth eutectic, 208 Pb has a much lower post-operational toxicity and does not require the consumption of bismuth, which, with increasing consumption, can become a very scarce metal.
A project of a lead-bismuth reactor RBEC-M with a capacity of 900 MW (thermal) was proposed in [9] as a benchmark for calculating the fuel cycle. The project was developed in the 2000s at the Kurchatov Institute. The reactor coolant is a lead-bismuth eutectic (56% Bi-44% Pb). The share of lead isotopes in the coolant: 208Pb -52.8%, 207Pb -22.6%, 206Pb -24.6%. As fuel, mixed uranium-plutonium nitride is used. In this case, plutonium obtained after processing spent fuel of light water reactors is used.
The core is surrounded on all sides by a reproduction zone, where depleted uranium nitride is used. Even further along the radius of the reactor is a neutron reflector. The campaign lasts 1800 effective days.
The proposed benchmark was used to study the effect of lead isotope composition on the neutron-physical characteristics of a fast reactor.
The reactor core model
The core model includes 12 physical zones, differing from each other in the size and temperature of the materials (Figures 1, 2) . The main dimensions of physical zones and their temperatures are given in Table. 1. The fuel cells of the heterogeneous model of the core, its dimensions and composition are shown in Fig. 3 and in Table. 2, 3.
To study the effect of the isotope composition of lead on the neutron-physical characteristics of a fast reactor, several models of the coolant for the RBEC-M reactor AtomFuture-2017
The cross-section of the core of the RBEC-M reactor (the numbering of the zones -see Table 1 ).
The location of the zones in the RBEC-M reactor (longitudinal section, dimensions given in mm, numbering of the zones -see Table 1 ). 
Results
Some calculations were carried out for a homogeneous and heterogeneous reactor core model using the MCNP [12] and VisualBurnOut for burn up calculations [13] . Table. 4 and Fig. 5 shows the values of Keff during the campaign for the homogeneous model Results, presented in Table 5 , also show the possibility of reducing the fuel loading in the heterogeneous case compared with the homogeneous one and, perhaps, increasing in the duration of the campaign.
For a heterogeneous reactor model, campaigns with different coolant compositions (models 1-5) were calculated. The results are given in Table. 6 and in Fig. 7 .
When comparing the calculations for the homogeneous and heterogeneous model 1 of the reactor, the difference between the values of Keff is 1.53% at the end of the campaign. The results of the calculations are given in Table. 5. 
Conclusions
The coolant of the fast neutron reactor, consisting of 208 Pb, is very attractive.Replacing the coolant with natural lead to 208 Pb or 208 Pb with Bi (models 2 and 3) can significantly improve the neutron-physical characteristics of the reactor, in particular, by reducing the initial reactivity margin.Studies of the heterogeneity effect in the reactor model showed an increase of the effective multiplication factor about 1.5% for the end of the campaign.
